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Summary

CD4+ lymphocytes are a primary target of the human immunodeficiency
virus (HIV), and CD4 counts are one of the factors used to measure disease
progression in HIV-positive individuals. CD4 counts vary in uninfected indi-
viduals and across populations due to a variety of demographic, environmen-
tal, immunological and genetic factors that probably persist throughout the
course of HIV infection. This study sought to determine reference levels and
identify factors that influence lymphocyte counts in 681 HIV-uninfected
adults in Senegal, where residents are exposed to a variety of infectious dis-
eases and other conditions that may affect CD4 counts. Lymphocyte counts
were assessed in commercial sex workers, symptomatic men and women pre-
senting to the University of Dakar infectious disease clinic for out-patient care
and women seeking family planning services. CD4 and CD3 lymphocyte
counts differed between the four study groups (P < 0·01). Men had the lowest
mean CD4 count (711·6 cells/ml), while commercial sex workers had the
highest levels (966·0 cells/ml). After adjustment for age and other behavioural
and clinical factors, the difference in CD4 counts between the three groups of
women did not remain. However, both gender and smoking were associated
independently with CD4 counts, as men maintained lower mean CD4 counts
(b = -156·4 cells/ml, P < 0·01) and smokers had higher mean CD4 counts
(b = 124·0 cells/ml, P < 0·01) than non-smokers in multivariable analyses. This
study is the first to explore factors that may influence CD4 levels in Senegal
and to estimate baseline CD4 levels among HIV-negatives, information that
may guide clinicians in interpreting CD4 counts.
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Introduction

CD4, CD8 and other lymphocytes co-ordinate the immune
system’s response to pathogens [1]. In human immunodefi-
ciency virus (HIV)-uninfected individuals a CD4 count,
measured in cells per cubic millilitres of blood, provides a
picture of immune system health, with higher CD4 counts
typically signifying healthier immune systems. Children in
both developed and developing countries are born with high
CD4 counts, which decline slowly through adolescence and
then plateau [2].

Underlying demographic and genetic factors, current
exposure to infectious diseases and behavioural factors have
been associated with variations in CD4 cell counts in
HIV-negative populations [3]. Healthy African and Asian

populations typically have lower CD4 lymphocyte counts
than their western European and Caucasian counterparts
[3–5], but data from specific countries are limited. Paradoxi-
cally, cigarette smoking has been associated with higher CD4
counts in several studies [6–11]. Underlying infectious dis-
eases, such as pneumonia and tuberculosis (TB), have been
associated with decreased CD4 levels [12,13].Commercial sex
workers (CSW), who are exposed typically to a wide variety of
sexuallytransmittedinfections,havesomewhatlowerlympho-
cyte counts than females who are not involved in the sex trade
[14,15]. In western populations, black race, low body mass
index (BMI) and injection drug use have also been associ-
ated with lower CD4 lymphocyte counts [13,16], and women
tend to have CD4 levels 1–200 cells/ml higher than men with
comparable demographic and behavioural patterns [9,17].
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The CD4 lymphocyte count of HIV-infected individuals is
an important predictor of HIV disease progression and
acquired immune deficiency syndrome (AIDS)-associated
mortality [18–20]. In HIV infection, CD4 cell loss is associ-
ated with an increased risk of developing opportunistic
infections and AIDS-associated malignancies. CD4 count,
along with HIV viral load and clinical symptoms, is used to
determine when to start highly active anti-retroviral therapy
(HAART). Current World Health Organization (WHO) rec-
ommendations for initiating anti-retroviral therapy in HIV-
infected individuals include WHO clinical stage IV (clinical
AIDS) regardless of CD4 count, clinical stage III with CD4
count < 350 cells/ml or CD4 count below 200 cells/ml regard-
less of clinical stage [21]. Although, to date, data suggest that
the natural history of HIV disease progression (i.e. time from
infection to clinical AIDS) is similar in developed and devel-
oping countries [22], whether lower baseline, pre-HIV infec-
tion CD4 counts in some populations in developing
countries with high rates of malnutrition and non-HIV
infectious disease burdens account for reports of more rapid
progression to AIDS remains to be explored further [23].

To date there are no published data on CD4 counts in
healthy Senegalese or on factors associated with lower CD4
levels among HIV-negative Senegalese. To estimate baseline
CD4 counts in HIV-negative Senegalese populations and to
identify factors associated with lower CD4 counts among
various subpopulations, we conducted a secondary cross-
sectional data analysis of clinic attendees in four different
HIV-negative subgroups: (i) female commercial sex workers;
(ii) men presenting to an infectious disease (ID) clinic for
out-patient care with symptoms of an infectious disease; (iii)
women presenting to an ID clinic for out-patient care with
symptoms of an infectious disease; and (iv) women visiting
an ID clinic for family planning services (e.g. birth control,
standard gynaecological visit). We also investigated the
demographic and clinical correlates of CD4 counts within
each group of HIV-negative men and women. Finally, we
determined whether between-group differences in CD4
counts were explained by the demographic and clinical
factors associated with CD4 counts in the study.

Materials and methods

Individuals were recruited from three different study sites in
Senegal between October 1994 and January 1998 as part of
studies investigating the epidemiology of HIV, human pap-
illomavirus (HPV), cervical neoplasia and oral manifesta-
tions of HIV, as described previously [20,24–26]. The
majority of male and female study participants were
recruited from an out-patient infectious disease clinic at the
Fann Hospital of the University of Dakar, while registered
female commercial sex workers were enrolled from two sexu-
ally transmitted disease (STD) clinics in Dakar and M’Bour
during required visits. All participants provided informed
consent and those presenting to the Fann Hospital were

offered a dental (oral) examination in addition to HIV
screening. Women were also offered Papanicolaou (Pap)
screening for detection of cervical neoplasia. When appro-
priate, medication was given to treat underlying infections,
although information regarding the specific treatments was
not obtained. At the initial screening visit, 6784 men and
women were screened serologically for HIV infection and
5638 men and women were determined to be HIV-negative.
Of these, 850 HIV-negative subjects were enrolled into lon-
gitudinal studies. CD4 and other lymphocyte data were
obtained for 681 (80%) of the 850 HIV-negative enrolled
individuals at the enrolment visit, including 120 men and
376 women from the out-patient infectious disease clinic
and 185 CSW from the two STD clinics. Median time from
screening to enrolment was 56 days. At enrolment, demo-
graphic information, medical and sexual histories and blood
samples were collected and all participants underwent a
general physical examination, where signs and symptoms
and presumptive diagnoses were recorded. Blood was col-
lected in ethylenediamine tetraacetic acid (EDTA) tubes and
was analysed using the fluorescence activated cell sorter
(FACS)Count analyser (Becton-Dickinson Biosciences, San
Jose, CA, USA) to determine the number of CD4, CD8 and
CD3 cells/ml. Informed consent was obtained according to
procedures approved by the Human Subjects Committee of
the University of Washington and the Senegalese National
AIDS Committee.

The study population comprised four distinct groups:
HIV-negative men symptomatic for an infectious disease;
HIV-negative women symptomatic for an infectious
disease; HIV-negative asymptomatic women visiting the
clinic for family planning-related activities; and asymptom-
atic HIV-negative CSW attending an STD clinic for routine
screening. We used analysis of variance (anova) to calculate
univariate statistics for lymphocyte counts (CD4, CD8, CD3,
CD8 : CD4 ratio and CD4%), stratified by study group, com-
paring all four groups at once to eliminate the potential
problem of multiple comparisons. Duncan and Waller tests
were utilized to determine whether lymphocyte counts were
different at the P < 0·05 level between each pair of groups.

To assess factors associated with CD4 count levels within
groups, two types of univariate analyses were performed: one
for all study subjects and separate parallel analyses within
each study group. Continuous variables were divided into
groups, and cut-off points for the group categories were based
on biologically relevant values (e.g. Centers for Disease
Control classifications for healthy body size for BMI catego-
ries). Alternatively, groups of roughly equal size were formed
if there was no a priori reason for a given cut-off point.

The extent of variation in lymphocyte counts and/or risk
factors by subpopulation group was assessed in four multi-
variate models using linear regression, adjusting for a variety
of factors. The first model compared the effect of member-
ship in each of the four study groups on CD4 counts, with
the reference group consisting of symptomatic women who
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visited the infectious disease clinic, given their direct com-
parability to each of the other three groups. Next, multivari-
ate models were developed to identify factors that were
associated independently with an individual’s CD4 count,
adjusting for other relevant characteristics identified a priori
from the literature (tobacco use, age, age at first intercourse
and body temperature) and from among characteristics that
were associated significantly with CD4 counts in univariate
analyses. Separate models with all study subjects, males only
and females only were evaluated.

Results

Men attending the Fann University Hospital out-patient
infectious disease clinic presented for a variety of reasons,

including known or suspected HIV infection (15%), diar-
rhoea (11%) and urethral discharge (5%) [26], while women
attended for family planning (26%), general gynaecological
problems (17%), perceived infertility (8%) and genital infec-
tions (8%). The most commonly reported clinical symptoms
were headache, nausea and fever. The mean age of study
participants was 31·3 and differed somewhat by study group
(P = 0·03) (Table 1). Most (63%) men were not married,
while the vast majority of non-CSW women were currently
married and most CSW (59%) were divorced (P < 0·01).
Alcohol use was rare (<5%) in all but the CSW study group
(31%; P < 0·01). Men (29%) and CSW (50%) were more
likely to be current smokers than women presenting to the
clinic for family planning (7%) or infectious disease (6%;
P < 0·01) services. As expected, subjects visiting the clinic for

Table 1. Comparison of demographic, clinical and behavioural characteristics of Senegalese men and women visiting an infectious disease clinic,

women seeking family planning services and female commercial sex workers [n* (%)].

Men

(ID clinic)

n = 120

Women

(ID clinic)

n = 210

Women (FP)

n = 166

CSW

n = 185

All

n = 681 P-value†

Age

Mean (�s.d.) 31·6 (�11·2) 31·5 (�8·1) 32·5 (�7·6) 29·9 (�7·0) 31·3 (�8·4) 0·03

Marital status

Married 43 (36·8) 144 (70·6) 138 (83·6) 6 (3·2) 331 (49·4) < 0·001

Level of schooling

Primary 11 (40·7) 34 (48·6) 34 (54·0) 27 (50·9) 106 (49·8) 0·17

Alcohol use

Yes 6 (5·0) 6 (2·9) 1 (0·6) 57 (30·8) 70 (10·3) < 0·001

Current tobacco use

Yes 35 (29·2) 13 (6·2) 11 (6·6) 93 (50·3) 152 (22·3) < 0·001

Place of birth

Not Senegal 11 (9·1) 10 (4·9) 10 (6·0) 44 (24·0) 75 (11·1) < 0·001

Number of children

Mean (�s.d.) n.a. 3·5 (�3·2) 4·6 (�3·2) 2·5 (�2·5) 3·5 (�3·1) < 0·001

Contraceptive method

None n.a. 141 (68·1) 56 (33·9) 29 (15·8) 226 (40·6) < 0·001

Condoms n.a. 11 (5·3) 8 (4·8) 111 (60·3) 130 (23·4)

Other BC n.a. 55 (26·6) 101 (61·2) 44 (23·9) 200 (36·0)

Vaginal discharge

Yes n.a. 185 (96·9) 147 (93·0) 96 (54·2) 428 (81·4) 0·004

Cervicitis

Yes n.a. 41 (21·5) 44 (27·8) 4 (2·2) 89 (16·7) < 0·001

Sex with non-Senegalese

Yes n.a. 16 (8·6) 19 (12·3) 88 (51·8) 123 (24·2) < 0·001

Current tuberculosis

Yes 10 (9·5) 14 (7·8) 4 (2·8) 1 (0·6) 29 (5·0) 0·002

Current pneumonia

Yes 13 (12·1) 11 (5·7) 7 (4·4) 2 (1·1) 33 (5·2) < 0·001

Age of first intercourse

Mean (�s.d.) 18·7 (�4·9) 18·2 (�4·0) 18·0 (�4·1) 16·3 (�2·9) 17·7 (�4·0) < 0·001

Body mass index

Mean (�s.d.) 20·0 (�5·9) 22·9 (�5·8) 23·0 (�4·6) 22·8 (�5·2) 22·3 (�5·5) < 0·001

Temperature (°C)

38+ 16 (15·2) 17 (9·1) 18 (12·2) 8 (4·6) 59 (9·6) 0·01

*n is smaller than listed in table heading for most variables, due to missing values. †P-values compare the distribution of each variable between the

four subpopulations.
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infectious diseases reported higher rates of TB, pneumonia
and weight loss than asymptomatic women.

The overall mean CD4 count of all study participants was
870·7 cells/ml, although CD4 counts differed significantly
between the four study groups (Table 2, P < 0·01). Men had
the lowest mean CD4 count (711·6 cells/ml), while that in all
women studied was 904·7 cells/ml (P < 0·01). Mean CD4
counts differed somewhat between groups of women
(P = 0·09), and were lowest in women attending ID clinics
(851·9 cells/ml) compared to women seeking family planning
services (903·1 cells/ml) and CSW (966·0 cells/ml). Overall, 86
HIV-negative individuals (12·6%) had CD4 counts below
500 cells/ml, including 44 (6·5%) below 350 cells/ml and 13
(1·9%) below 200 cells/ml. CD8 counts were similar between
the four groups (P = 0·14), but CD3 counts, which are com-
prised mainly of CD4 and CD8 cells, varied by group
(P < 0·01). CD3 counts were highest in commercial sex
workers (mean 1592·5 cells/ml) and lowest in men (mean
1336·0 cells/ml), mirroring the relationship observed with
CD4 counts. CD4% and CD4 : CD8 ratios were similar in
the three groups of women, with mean CD4% ranging from
60 to 62% and mean ratios from 1·91 to 2·08, but were lower
in men attending the ID clinic (53% and 1·49, respectively;
P < 0·01 for both comparisons).

In univariate analyses, male gender was associated with
significantly lower CD4 counts compared to female gender
(mean difference, 193·1 cells/ml, P < 0·01, Table 3). Young
study subjects (< 20) had somewhat lower CD4 counts than
subjects in their 20s (mean difference 65·1; P < 0·01). Other
demographic characteristics, such as ethnic group (data not
shown), level of schooling and place of birth, were not
associated significantly with CD4 level. Smoking was asso-
ciated with a CD4 count increase of 115·6 cells/ml
(P < 0·01). Increased height (> 175 cm) and having a low
BMI (< 18) were both related to a significantly lower CD4
count (P < 0·05). Individuals who reported current TB had
mean CD4 counts 231·3 cells/ml lower than those without
TB, and those with a current self-reported diagnosis of
pneumonia had CD4 counts that were 175·8 cells/ml lower
than those without (P < 0·01 for both comparisons). Symp-
toms of underlying illness, such as high body temperature
(b = -149·6, P = 0·02), relatively high systolic blood

pressure (b = -119·2, P = 0·04) and swollen lymph nodes
(b = -66·4, P = 0·01), were all associated with significantly
lower average CD4 count. In women, abnormal cervical
findings, including discharge (b = -119·0, P < 0·01) and
cervicitis (b = -75·8, P = 0·05), were also associated with
lower CD4 count.

In multivariate analyses adjusting simultaneously for age,
age of first intercourse and body temperature, male gender
remained associated with lower CD4 count (b = -156·4 cells/
ml, P < 0·01, Table 4, model 1), while tobacco use was asso-
ciated with a 124·0 cells/ml (P < 0·01) higher CD4 count.
Substantial differences between symptomatic women pre-
senting to the ID clinic (reference group), women presenting
for family planning (b = 47·3 cells/ml, P = 0·21) and female
CSW (b = 15·2 cells/ml, P = 0·71) were not observed. Male
gender was associated with lower CD4 counts both in
smokers (b = -186·8) and non-smokers (b = -166·2, data
not shown). In parallel multivariable analyses, smoking had
a similar and significant effect on CD4 counts in females
(model 2, b = 105·2) and males (model 3, b = 186·5), and an
interaction term between smoking and gender was non-
significant (P = 0·31).

Discussion

This study is the first to present normal reference ranges for
HIV-uninfected Senegalese men and women. The mean CD4
count in this group of Senegalese men and women was 871
cells/ml, and differed between men (mean = 712 cells/ml) and
women (mean = 905 cells/ml) (P < 0·01). Higher CD4 counts
were associated independently with female gender and
tobacco use while lower CD4 counts were associated inde-
pendently with later age at sexual debut and elevated body
temperature. Among women, no association was observed
between CD4 counts and number of children or contracep-
tive use. Overall mean CD4 counts were higher in CSW than
in women seeking care for symptomatic infectious disease or
family planning in univariate analyses, although the differ-
ence in CD4 counts between these three groups of women
was attenuated after controlling for behavioural and
clinical characteristics. CD4 counts among the men (all of
whom were symptomatic) remained significantly lower

Table 2. Comparison of mean lymphocyte counts among human immunodeficiency virus-negative Senegalese men and women.

Men

(ID clinic)

mean (s.d.)

n = 120

Women

(ID clinic)

mean (s.d.)

n = 210

Women (FP)

mean (s.d.)

n = 166

CSW

mean (s.d.)

n = 185

All

mean (s.d.)

n = 681 P-value*

CD4 711·6 (332·8) 851·9 (325·0) 903·1 (320·4) 966·0 (366·4) 870·7 (347·0) < 0·001

CD8 540·5 (284·5) 501·1 (265·1) 484·8 (223·0) 539·1 (267·7) 514·7 (260·5) 0·14

CD3 1336·0 (534·8) 1435·7 (526·8) 1477·1 (495·3) 1592·5 (573·2) 1471·0 (540·1) < 0·001

CD4% (CD4/CD3) 0·53 (0·14) 0·60 (0·10) 0·62 (0·09) 0·61 (0·10) 0·59 (0·11) < 0·001

CD4 : CD8 ratio 1·49 (0·68) 1·91 (0·74) 2·08 (0·09) 1·99 (0·10) 1·90 (0·77) < 0·001

*P-value compares the mean of all four groups, using analysis of variance.
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(156·4 cells/ml) than those of symptomatic women in mul-
tivariate analyses.

CD4 counts in non-smoking women in this Senegalese
population were somewhat lower than those reported
recently in healthy adults in more developed nations such as
Italy and the United States, but are higher than those
reported in countries such as India, Botswana and Singapore
(Fig. 1) [27–43]. Similarly, CD4 counts in Senegalese men in
the current study, who all presented to an out-patient ID
clinic with symptoms of infectious diseases, were generally
lower than those observed in other populations, although
Senegalese men who smoked had high CD4 counts com-
pared to most populations. This variation across studies and
geographical region may be explained partially by differ-
ences in study populations, such as age, race/ethnicity, the
proportion of individuals who smoke and prevalence of
underlying diseases, all of which have been shown to be
associated with differences in CD4 counts [5–13,43]. Despite
geographical differences in baseline CD4 levels, studies of

Table 3. Univariate analysis of factors associated with CD4 counts

among human immunodeficiency virus-negative Senegalese men and

women.

Variable b* P-value

Gender

Male -193·1 < 0·01

Marital status

Single Ref. Ref.

Monogamously married 53·2 0·13

Polygamously married 7·9 0·85

Other 69·0 0·07

Age group (years)

< 20 -65·1 < 0·01

20–29 Ref. Ref.

30–39 -38·3 0·20

40+ -55·7 0·15

Level of schooling

Primary Ref. Ref.

Secondary 65·7 0·53

College 135·1 0·13

Place of birth

In Senegal Ref. Ref.

Out of Senegal -9·4 0·83

Alcohol use

Yes 67·3 0·12

Current tobacco use

Yes 115·6 < 0·01

Age of first intercourse (years)

�15 -35·1 0·32

16–18 Ref. Ref.

19+ -96·8 < 0·01

Weight (kg)

< 51 18·6 0·63

51–60 Ref. Ref.

61–70 67·0 0·07

71+ 78·2 0·05

Height (cm)

<165 57·6 0·09

165–174 Ref. Ref.

175+ -95·2 0·02

Body mass index (kg/m2)

< 18·5 -104·1 < 0·01

18·5–24·9 Ref. Ref.

25–29·9 30·5 0·51

30+ 2·2 0·97

Temperature (°C)

< 37 Ref. Ref.

37–37·9 -76·3 0·14

38+ -149·6 0·02

Systolic blood pressure

< 100 Ref. Ref.

100–130 -25·3 0·57

130+ -119·2 0·04

Diastolic blood pressure

< 70 Ref. Ref.

70–80 -29·7 0·55

80+ -69·9 0·14

Current TB

Yes -231·3 < 0·01

Table 3. Continued

Variable b* P-value

Cough

Yes -24·3 0·64

Diarrhoea > 1 month

Yes -170·1 0·12

Weight loss

Yes -46·9 0·11

Current pneumonia

Yes -175·8 < 0·01

Swollen lymph nodes

Yes -66·4 0·01

Oral leucoplacia

Yes -264·0 0·27

Systolic blood pressure

< 100 Ref. Ref.

100–130 -25·3 0·57

Characteristics in females (n = 561)

Number of children

0 44·6 0·34

1–3 Ref. Ref.

4–7 20·5 0·55

8+ -19·1 0·68

Contraceptive method

None Ref. Ref.

Condoms 49·8 0·18

OCs -33·1 0·44

Other -39·9 0·31

Abnormal discharge

Yes -119·0 < 0·01

Cervicitis

Yes -75·8 0·05

Pregnant

Yes -190·1 0·43

*b for difference in mean CD4 count compared to reference group,

from univariate linear regression analysis. Reference group not listed or

designated by (Ref).
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HIV-infected individuals have concluded that the lower CD4
cell counts often noted in HIV-negative individuals in devel-
oping nations are not associated with differing natural his-
tories of HIV infection [44,45].

In comparison to other African countries, Senegal has
relatively low rates of sexually transmitted infections, in
part because the government of Senegal requires CSW to
register and receive annual STD testing. Untreated STDs
have been associated with a decline in CD4 cell counts in
HIV-positive individuals, which return to baseline upon
treatment [46]. In the present study, in univariate analyses,
we observed that commercial sex workers had significantly
higher CD4 counts than did women presenting to an out-
patient clinic for symptoms of infectious diseases
(b = 114·1; P < 0·01) or for family planning (b = 62·9;
P = 0·09). However, this difference was attenuated after
adjusting for other factors, such as smoking, in a multivari-
ate model (b = 15·2; P = 0·71). In a small study in Southern
India, Babu et al. [15] did not observe any difference in
CD4 counts between HIV-negative CSW (n = 37) and
normal healthy female controls (n = 35), but did observe

higher CD8 cells counts and lower CD4 : CD8 ratios in
CSW. In contrast, we observed similar CD8 counts in CSW
and non-CSW women.

We found a substantial difference in CD4 levels between
men and women in this study (156·4 cells/ml), even after
adjustment for other important factors, including smoking.
While this is consistent with most previously published
studies assessing gender differences, which report a 80–200
cell/ml larger average CD4 count in women compared to men
(Fig. 1) [9,16,28–32,35,38,41,47,48], in some populations no
significant differences have been observed in CD4 levels by
gender [36,49–52]. Differences between studies may be due
in part to a lack of adjustment for confounding due to other
important risk factors, such as age and cigarette smoking.
The importance of gender differences in baseline CD4 cell
counts, especially in terms of potential differences in pro-
gression to AIDS and the timing of initiation of anti-
retroviral therapy, is still debated [17,53–56], but currently
these potential gender differences in baseline CD4 counts
have not translated into changes in clinical practice.

The association between smoking and increased CD4
count in healthy populations is well established. Our study
found differences similar to those reported previously [6,28],
although this difference has not been universal [48]. In HIV-
infected individuals, smoking may be associated with poorer
virological and immunological responses [57] and increased
comorbidity and mortality [57,58], although these effects
appear to be independent of the effect of smoking on CD4
counts. In univariate analyses, increased height and lower
body mass index were associated significantly with a lower
CD4 count in the current study population, similar to obser-
vations in Ethiopia and a US population [7,43]. BMI is, to
some degree, a surrogate for the strong effect of male gender,
as Senegalese men in the study were taller, had lower average
BMI and had lower CD4 counts than Senegalese women. In
univariate analyses stratified by gender, being underweight
remained somewhat associated with lower CD4 counts,

Table 4. Multivariate analysis of factors associated with CD4 counts among human immunodeficiency virus-negative Senegalese men and women.

Variable

Model 1:

all subjects

n = 561

Model 2:

women only

n = 465

Model 3:

men only

n = 93

b P-value b P-value b P-value

Group 1 (men) -156·4 < 0·01 – – – –

Group 3 (FP women) 47·3 0·21 47·8 0·22 – –

Group 4 (CSW) 15·2 0·71 35·4 0·48 – –

Tobacco use 124·0 < 0·01 105·2 0·02 186·5 0·01

Age* -1·6 0·34 -2·9 0·31 -3·0 0·33

Age of first intercourse† -7·7 0·04 -5·5 0·24 -6·7 0·43

Temperature‡ -86·9 0·02 -72·7 0·07 -126·8 0·12

Birth control method: condom – – -5·9 0·90 – –

Birth control method: oral contraception – – -46·0 0·32 – –

Number of children – – 6·1 0·41 – –

Reference values: 0 children, birth control method: none/methods besides condoms and oral contraception. *Per increasing year above age 14. †Per

increasing year above age 10. ‡Per increasing 1°C temperature above 36°C.
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although this association was not significant in either males
or females. However, due to large numbers of missing data,
BMI was not assessed in the final multivariable analyses.

In multivariate analysis, smoking and gender accounted
for the majority of the between-group differences we
observed in unadjusted analyses, with male gender exercising
the greatest influence on mean CD4 count. Smoking was
associated similarly with increased CD4 counts in both men
and women. The observation that, among women, only
smoking was associated independently with higher CD4
levels while differences between the subpopulation groups of
women were no longer associated with CD4 count suggests
that these factors, rather than any inherent differences
between the groups of women, are responsible for the differ-
ing crude CD4 levels between commercial sex workers and
other clinic attendees. Among men, the only factor that was
associated independently with CD4 counts was smoking.
Thus, Senegalese clinicians may need to consider both
gender and smoking status when interpreting a patient’s
CD4 count. These risk factors, irrespective of geographical
location, appear to influence individuals’ CD4 levels
substantially.

Utilizing diverse study populations with a wide range of
exposure histories and demographic patterns, this study is
the first to explore factors that may influence CD4 levels in
Senegal, and to estimate baseline CD4 count levels among
HIV-negative Senegalese. Use of an extensive questionnaire
allowed us to examine both variables that have previously
been linked to CD4 level, such as smoking, as well as to
explore other potential correlates of CD4 count such as
sexual history and birth control method. Nevertheless, our
study population is not representative of the entire country
of Senegal: due to the clinic-based study population, study
subjects were more likely to have an infectious disease than
are those in the general population, and due to the aims of
the primary studies, subjects had higher rates of abnormal
oral screening examinations and genital HPV infections than
are seen typically in the general population. Abnormal
screening examinations might signal an underlying infec-
tious disease which, in turn, may influence lymphocyte
counts. Thus, the observed mean CD4 counts in these groups
may be underestimates of general population levels. Many of
the characteristics we evaluated were derived from self-
report, which may have biased our assessment of their rela-
tionship to CD4 count, as a layperson probably has a
different perception of health problems than a physician.
Furthermore, we had no information on the time of day that
the serum specimen was drawn. Previous studies have dem-
onstrated significant diurnal variation in lymphocyte levels,
and such variation may have biased the CD4 measurements
[13].

The reference ranges presented offer clinicians a baseline
for CD4 counts in Senegalese men and women prior to
infection with HIV. Because CD4 levels in HIV-negative
Senegalese are relatively high, WHO guidelines for initiating

anti-retroviral therapy (ART) are probably appropriate for
this country. However, a variation of 100 cells/ml in HIV-
positive patients can influence assignment to a given stage of
HIV disease progression and/or clinical AIDS diagnosis,
altering the recommendations for initiation of ART. The
mean difference between genders in this Senegalese popu-
lation was greater than 150 cells/ml, with women having
significantly higher CD4 counts than men. A recent meta-
analysis concluded that women have lower plasma HIV RNA
levels than men for a given CD4 count [56]. However, as
there is no strong evidence to suggest that gender affects HIV
disease progression [55], the biological relevance of differ-
ences in baseline CD4 counts between men and women
remains unknown. Similarly, the mechanism behind the dif-
ference in CD4 count levels in smokers and non-smokers is
poorly understood. A meta-analysis of 10 studies in the
1990s concluded that there is little evidence that tobacco
smoking is related to progression to AIDS [59], although
more recent studies suggests that smoking may be related to
poorer response to anti-retroviral therapy and higher risk of
death post-HAART [57,58]. None the less, these reference
ranges and knowledge of patient gender and smoking status
may be helpful to Senegalese clinicians attempting to inter-
pret a CD4 count.
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